Abstract-Ultraviolet radiation from the Sun is an essential part of the process of obtaining Vitamin D by the human body. However, prolonged exposure poses a risk to the health of the skin and eyes that can lead to premature aging and even cancer. Moreover, the quick technological development shows some barriers for visually impaired users because they require special help via audio devices, in order to access to any kind of technology. For these reasons, in this paper we present a wearable UV sensor prototype integrated with an audio notification system based on a smartphone app for blind people. Our notification system is capable of offering an appropriate skin care recommendations based on ultraviolet index (UVI), exposure time and skin color.
I. INTRODUCTION
In these days, depletion of the stratospheric ozone layer has led to increased solar UV radiation at the surface of the Earth [1] . While this is true, the UV radiation is an essential part of the process of obtaining vitamin D by the human body, overexposure can cause sunburn, chronic effects comprises two major health problems: skin cancer and cataracts [2] . It is estimated that a 10 % decrease in ozone levels will result in an additional 300,000 non-melanoma and 4,500 melanoma skin cancer cases [3] . According to WHO estimates, up to 2.4 millions of cases of cataract blindness could be caused or aggravated by exposure to the sun.
On the other hand, people with disabilities are nearly 10% in the world; these people have to deal with many physical barriers and some new barriers have been added: Technology. These are causing the digital gap, also known as the digital divide or digital stratification [4] . In case of blind people, they need special audial help to work with any computer system or smartphone. For these reasons, it is necessary to include voice commands to display information.
The skin is insensitive to UV radiation incidence for this reason we notice the effects of UV exposure later as darkening, tanning, and burning on surface skin. Unfortunately, it is always too late to apply protection when overexposure already comes into effect. Therefore, a UV accessible realtime monitoring and warning system is desirable to let know users before they get sunburned.
Although there are outstanding works about automatic UV radiation measure over skin, such as [5] and [6] any of them focus in blind people as end-user.
In this paper, we present the design of a wearable UV sensor and warning system for outdoor activities, accessible for blind people.
II. SYSTEM OVERVIEW
There are two main parts in the system as shown in Figure 1 . First, our UV wearable sensing unit whose purpose is to measure UV index. And second, an accessible app running in Android System Operative. Namely our app is capable of bringing information to normal and blind people through voice alerts. The UV wearable accumulates UV intensity data to calculate the affective dose of UV. Finally, the effective dose UV information is sent to the smartphone via bluetooth. Furthermore, after the user enters his/her personal skin type, our app can provide personalized alerts. 
III. HARDWARE SYSTEM
In this section, we describe the design and implementation of the wearable hardware. The system structure is shown at the lower left hand corner of Figure 1 . UV wearable sensor can be divided into six blocks, Sensor Block, Microcontroller Block, Real Time Clock(RTC) Block, Communication Block, Memory Block, Power Supply Block.
In hardware level, our system works as follow. The Sensor Block is highly sensitive to UV-A and UV-B spectrum, with a voltage output proportional to UV intensity, which is sampled using an 10 bit analog-digital converter of the Microcontroller Block(ATMEGA328P). In Microcontroller Block an algorithm calculates the accumulated energy incident over skin user per unit area using (1) .
The RTC Block(DS1307 chip) gives us a temporal reference for each sample, DS1307 chip connects to microcontroller via I2C protocol. Both, effective dose of UV and temporal reference are stored in Memory Block(2 GB SanDisk memory card with FAT format), SD memory card connects to microcontroller via SPI protocol. Finally, microcontroller sends data to an RN-24 Bluetooth adapter through UART port (Communication Block). A 3.7 V at 700 mAh Litthiumion rechargeable will power all components in the device.
IV. SOFTWARE SYSTEM (APP)
The smartphone receives accumulated energy incident over skin user per unit area data (mJ/m 2 ) via Bluetooth. The measurements are available to the user through an accessible app as is showed in Figure 2 . In contrast to existing UV dosimeters( [5] ), our app takes advantage of Android's Accessibility Tools (TalkBack, Explore by Touch, Accessibility settings). For instance, we add descriptive text to user interface control, also all user interface elements can accept inputs (touches or typing), etc. In order to provide personalized alerts about the danger of the accumulated UV radiation, we cite to Fitzpatrick's skin typing. It classifies a person skin, based on external features, such as pigmentation, tanning history, and eye color to estimate a minimal erythema dose(MED) for that skin type. MED is defined as the minimum dose of UV erythema radiation, which can produce a noticeable reddening on human skin [7] .
Our app has two layouts, the first of them, ask the user about his/her skin type. Also each picture has a small description that Androids Accessibility Tools can read to a blind user. The other layout informs about incident UV radiation that he/she was exposed to that day. On the top of the screen, a big number shows the current UVI, bellow a progress bar display UV dose in terms of the percentage of the user's minimal erythema dose . Finally, an advice is shown to help the user against UV radiation.
V. CONCLUSIONS AND FUTURE WORK Our prototype shows the integration and combination of portable sensors with a smartphone. Experiments show that despite using low-cost components, there is a good accuracy achieved by the sensor unit created. Also, the smartphone application is friendly for visually impaired people, it give a great contribution for accessibility. For future works, we are searching a better ways to identify phototype of each person because sometimes users feels confused about it. For example, surveys or digital image processing of a skin picture could help in automatic skin type decision.
